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LOADEDTO FAIL~

T. Chtarito

SUMMARY
..

Strainmeasurementswere made on the compressionside
of two box beams with corrugatedalumlnum-alloycovers
loaded to failure. AnEles formed from sheetwere used for..

“corner flangesin beam 1; whereas extrudedangleswere
used in beam 2. By use of the shear-lagtheory the stresses
in the oorner flangesat the root could be predictedto
approximately10 percent for beam 1 and 5 percent for beam 2.
Failure in each beam oocurredin the corner angle at a stress
that was above the compressiveyield stress for the material.

INTRODUCTION

Little experimentalevidencehas been publtshedhere-
tofore concerningthe reliabilityof the shear-lagtheory
at high stresses. Reference1 reportedthe resultsof’
tests made at tie LangleyMemorialAeronauticalLaboratory
of box beams with flat cover sheetsand Z-stiffenersloaded
to destruction. Tests have recentlybeen made of box beams
with corrugatedcovers;the experimentalresultsof these
tests are presentedherein and are comparedwith theoretical
results obtainedby the shear-lagtheoryof reference2.

BENDING TESTS OF THE BOX BEM3iS
.. .*

Test specimens.-Two box beama with constantcross
“ aectionnand corrugatedcowerswere used for the tests.
Detailsof the cross sectionsof beams 1 and 2 are given
in figure 1. The bulkheadswere of steel;whereas,the
other parts of the beams were of alwninumalloys- All
rivets were of A17S-T alloy. The compressioncover for
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eaoh beam was made fromQO~l-inch

sheetwith a nomtnal pitch of 2#z

exceptionof themrootbulhead of

rivetswere used, was attachedto.

24S-RT alloy corrugated

inches and, with the

beam 2 where &-fnch

* -tichall bulkheadsby ~

rivets, The two beams were distinguishedby t~ differ-

ence h their corner-flangeangles: for beam 1, $- by

~-inch angles formed from 0.064-inch249-T alloy sheet
4
were used; *ereas for beam 2, ~- b~ +--by ~- inch

16
angles of 24S-T alloy extrusionswere used.

Propertiesof nmtorials.-The stress-straincurve
ined as a result of a com-

pressionte%% aacycle-weldedpack of the corrugated
5 imhes longssheet approximatelyla Four samplesabout

3 Inches~of the extrudedcorner-flangeangle used In
beam 2 were tested as angle columnsfor obtainingthe
curve of figure 2(b).

Loading apparatus.-In order to obtain a conditionof
distributedloading,a doublewhlppletreewas used to
anchor the beam to the floorby means of four straps spaced
at 22 inches along each web of the half span. The load was
applied througha yoke at the center of the full spanby a
portablehydraulic jack of 100 kips capacity..

Test procedure.-Strainmeasurementswore taken at
correspondingstations in the four quadrantsof the cover
of the full span. As shown In figure 3, strainswere
measuredon both sides of the cover sheet at the crests
and valleysof the corrugations. Preliminarytests indi-
cated that measurementsIn the four quadrantswere ap-
proximatelyequal. Additionalgages were then mounted at
intermediategage positionson both sides of tho sheet in
one quadrant In order to provide a more completechord-
WISQ distributionof measured strains. Straf gages were

Llocatedat the root and at stationsI* and 22 ~ches
from the root.
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All strainmeasurements
strain g~es. Approximately
eaoh beam. A gage l~th of

3

were made with SR-4 electrical
100 straingages were used on
1 inch was used exoept for

me~surementsbetween corner-flangerivets on beam 1, where
—-fnch gage lengthwas used.

a;

Strainswere measuredat a minimum of three loads
in We elastic range In an attemptto verify the-linear
variationof stra%nwith respect to appliedload~ At
loads which produoed stressesabove the proportionalllmlt
in the regions of highest stress,strainmeasurementswere
taken after each applicationof a small load Increment
(about5 percent of the ultlmateload) in order to obtain
a more preciserelationshipbetween load and stress. Strains
mere measuredup to a jack load of 13,0 kips (92 peroentof
the ultimateload) for beam l-and 19,0 kipsa(86percent of
the ulthnateload) for beam 2.

In order to reduce thermalerrors In the measurements~
the temperatureIn the vioinityof the box beams was con-
trolledto *1OF.

Accuracy of measurements.-The total.applted jaok
load was accurateto approximately ().5percent. The thick-
nesses of all parts made from alumlnum-alloysheet were
obtainedby-micrometermeasurementswith an aocuracyof
0.0002 Inch. The areas of the tenstonflange angles as
given In a structuralalumlnumhandbookwere consideredto
be satisfactory. Strainmeasurementswere made with an
accuracyof 0.00002for strainsup to 0.001; for larger
strains,the error was probablynot more than 2 percent.

A oross-sectional

AF cross-sectional
square inches

AL cwoss-sectional
squareinohes

J%! SUUI Of AF and

SYMBOLS

area, squareinches

area of ideallzedcorner flange,

area of cover sheetfor half-beam,

t thicknessof oover sheet,inch

.

-.. . . . . ..-~#. .. . . .. . . . . .. ....-.-
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P

Mz/I

M

I

z

effectivedepth of beam, inohes

chordwiseaverageof longitudinalstressesin cover
sheet,klps per square Inch

longitudinal.stress in oornerflarige,kips per
square inch

load applied at each loading strap,kips

longitudinal.stressas definedby the engineering
theory of bending,kips per square”Inch

bending moment,kips-inohes

geometriomoment of inertiaabout centroldalaxis,
inches4

distanoefrom oontroidalaxis to a @ven fiber,
inches

TEST RESULTSAND COMPARISONSWITE CALCULATIONS

Strain-GageTests

The measured strainswere oonvertedto stressesby
using the stress-straincurve shown in figure 2(a) and
neglectingthe effect of any possible transversestresses-
The stresseson oppositesides of the cover sheetwere
then averagedat eaoh gage position,and these averago
values were used in the comparisonsof the test results
mith the calculatedresults. The calculationswere made
h accordancewith the substitutesingle-stringermethod
as given in referenoe29 The followingtable gives the
baslo data used in the analysisof eaoh bmm:

Beam AF AL % t
(sq ino) [Sq in.) (sq in.) (in.) (2.)

AF

T

1 0.I.81 1.035 1,216 0.0531 6.06 0.175

2 ,344 1.035 1.3’79 .0531 6.03 .332
4
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Beam 1.- The chordwisedistributionsof stres~esat
sever~tlons near the root of beam 1 are shown h
figure 4 for a jack load of’ 11.0 kips (7S percent of’the
ultimateload) or 638 pounds at each loadingstrap. These
distributionswere typical of’ the elasticrange. The cublo
equationgiven in reference3 was used to calculatethe
chordwisestressdistributionfor the oentroidalplane of
the corrugatedcover; this stress distributionwas then
correctedfor the geometryof the oorrugaticmss .

The e~erlmental corner-flangestressesfor beam 1
are shown in figure4 to be about 10 percent lower than
the calculatedstresses. The differencesbetween stresse~
on the crests and in the nlleys sugmgest s~con~ry b~n~
in the corrugatedooveratstation2$ inchesfrom the root
(fig*4(c))g

Beam 2.- Figure 5 shows the chordwlsedistributionof
stres~ setiralstationsnear the root of beam 2 for a
jack”load of 16,0 kips (72 percent of the ultlmateload),
or 1,0 kip at each loading strap~ Variationof stresswith
load fcm most of the gages was found to be linearup to a
jack load of 16.0 kips..

In f@ure 5, the average of the e~erimental corner=
flange stressesfor beam 2 is found to be approximately
5 percenthigher than the calculatedstresses. As was the
onse for beam 1, secondarybending in the cover was
suggestedby the differencesbetween stresseson the crests
and In the valleys. .

Measurementsat hi loads.- Curves of appliedload
plottod against s vidualmeasurements,Showed
that the stressesmere not alwaysproportionalto the loads
in the higher range. For beam 1, 52 percent of the gages
showed linear variationof stresswith load up to themaxi-
znummeasured stress. For 46 percent of the gages, there
was a break In the straightline at a load of about 12.0
kips (85 percentof the ulthate load)- ‘Thecorresponding
stresseswere between 1090 and 3500 ups per squareinch.
At present,no satisfactorye~lanatton can be made for the
breaks in the load-stresscurves. The yemalnlng2 percent
of the gages

Because
rith load up
the ga~es in

were discarded.

many gages shoredlinear variat~onof stress
to the maximummeasured stressand booausc
the regions of hi@ stressesshowedno

. . . ... . . . .. -. ----- ,. - . -- -- -- - - . -. ...- .-.”
. .



.-, -..
-.’- .- . . ::”.”=-4! +. A.. —. . . ..-. ..* ““.- .- “- ~!*Mi?uzRU :-K@dk?2”..2”~.~.--la d- ;------- ----

6

definite
that the

indhations to the contrary,It may be ooncluded
shear-lageffect for beam 1 was not appreciably

alteredby local yielding..

For beam 2, 76 percent of the gages showed stresses
that variedapproximatelylinearlywith load up to the
maximummeasured stress. For 18 peroentof the gages,
a break In the straightltio occurredat 13.0 Ups (59 per-
cent of the ultimateload);whereasfor 6 percent of the
gages, a break occurredat 17.0 kips (77percent of the
ultimateload). Stressescorrespondingto the loads at
whioh these breaks occurredwere between 12.0 and 3000
kips per square tnoh. The breaks had no apparentre-
lation to the appliedloads or to the yield stress,

When the data for beam 2 are consideredas a whole,
they appear to supportthe tentativeconclusion,drawn
from the test on beam 1, that the shear-lageffectwas not
appreciablychanged at hl@ stresses.

Ultimate-StrengthTests

Failure of beams.- The failure in beam 1 occurredat
a jack 10ad of’14.1 klps. Figure 6 ~o?m the distortion
of the corner flange and Its Imediate vicinity, The
appliedload was releasedsoon after this local failure
in order-toprevent extensivedamage to the remainderof
the beam. There was no other apparentdamage, exoept that
several.cover-to-bulkheadrivets failed..

Beam 2 fatled at a jack load of 22.1 klps by bucklhg
and liwistin& of the corner flange near the root, as shown
In f@ure 7. There were no failuresin the riveted
connections between the oover and the bullheadsof beam 2...

Stren@hs of corner flanges.-By extrapolationof the
load-stresscurves the load of 13.0 kips to the
ultimateload of 14.1 &ps, the stressin the formed corner-
flango angles of beam 1, correctedto the oentroid,was
found to be 46.5 ktps per sq~re inch. The ultimate stress
calculatedby the shear-lagtheorywas 48.5 kips per square
Inch, or approximately4 percent greaterthan the
extrapolatedstress- The extrapolatedstress Is 6 percent
greaterthan the typtcal compressiveyield stressof
44.0 kips per squareinch given by reference4.

.

.
- .—-. —— . . —
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For beam 2, when the load-stresscurveswere ex-
trapolatedfrom 19.0 kips to the ultimateof 2201 kips,
the stresscorrectedto the centroidof’the extruded
corner-flangeangle was found to be 49.8 kips per square
hlch. The ultimatestresscaculatedby the shear-iag
theorywas 54.1 klps per squarolnch~ or approximately
9 percentgreater than the etirapolatedstress. This
discrepancymay bo partly due to the assumptionthat the
experimentalstressesIn the cornei’angleswere eque.1to
those measuredIn tho adjoiningsheet.

The extrapolatedflange stress of 49.8 kips per square
inch Is 28 percent greater thnn tho compressiveyield stress
of’38.8 kips pm? squaro inch shown in figure 2(b) and
21 peficentless than the averageultimateco~irpressivostress
of 63.1 kips per squme inch developedb~ the samplesof
the extrudedcorner-flangoangle.

-i& hs of cover sheets.- The bulkhead spacingat the
root was inches. If a lengthof 10 tithesof the
corrugatedsheet were isolatedfrom the box beam, the
slendernessratio would be 3702 for pinned ends. The allow-
able columu.stresswould be 43.5 kips per square inch (refer-
ence 5$ fig. 5-5)0

The average stresses h the covers at failure‘were
28.8 kips per square inch for beam 1 and 37.7 kips per
square inch for beam 2~ The failuresIn both beams,
therefore$dtd not occur in the cover. This conclusion
was confirmedbv the observationsmade durti~ the test
that both fall~es were precipitated

CONCIJJSIOl?S

in the ~orner anglese

~ tests on two aluminum-alloylxx beamstithcomugated
covers,the measured stressesin the cornerflangesat the
root agreedwith the stressescalculatedby the shear-lag
theorywithin 10 percentfor the beam having corner-flange
angles of formed sheet and tithin 5 percent for the beam
having extrudedcorner-flangeangles.

The formed corner-flange angles (sparcaps),which
were somewhatthickerthan the cover sheet,developeda
stressslightlyseater than the compressiveyield stress
for the material.
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The exhzded corner-flangeangles,tiioh were several
____._.timesa~.thickas cover &9~xinLtelx -- ---

.

.

.
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Figure 7.- Failure at root of beam 2. Bulkhead removed.
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